Abstract -Urban sewage production is increasing and its agronomical use as a fertiliser has been advocated. Considerable defiance is prevalent in consumers and among farmers on the use of such fertilisers due to unknown pathological or environmental risks. The aim of the present review was to consider which pathological risk is major. Cysticercosis due to Taenia saginata appears to be one of the major pathological threats when sewage sludge is used to fertilise cattle pastures in temperate areas. The situation is different in Africa (Taenia solium and T. saginata are both highly prevalent) and Asia (Taenia saginata-like are prevalent). The processing of sludge and the delay between its application onto a pasture and grazing are probably major risk factors. Little data are available on the influence of processing, delay between processing and the use of sludge on the pathogenic risk. Producers and consumers will be more confident on the use of sludge if objective data are gained on risk. Most of the cases of cysticercosis (North America, United-Kingdom, Germany or Denmark) are related to poor human hygiene or accidental overflooding of sewage plants onto pastures. The standard application of sludge on pastures is apparently at low risk. This low risk does not mean that surveillance should cease since outbreaks of cysticercosis have been reported. Future investigations should concentrate on the most sustainable means of reducing risk (length of storage before use, composting, other treatments).
INTRODUCTION
The passing of Clean Water Acts in developed countries in the 1970's has created a distinct quality standard that all waste water must meet through a pretreatment process. Sludge is an inevitable end product of modern wastewater treatment. The concentration of people in large towns has favoured the production of sludge on sites where no agricultural or forestry use can really be found: the sludges should then be exported to other sites where they may be received by populations and farmers as a kind of landfill disposal. Over the past 25 years, restrictions have been placed on certain sludge disposal practices (for example, ocean dumping and landfill disposals), causing public waste water treatment utilities to view the agricultural or forestry use of sludge as an increasingly cost-effective alternative. Sludge is not used in forestry in Europe, and its use has remained very limited in other parts of the world, except in the Pacific Northwestern USA since the 1970's. Agricultural land application of municipal waste water and sludge has been practiced for its beneficial effects and for disposal purposes since the advent of modern waste water management about 150 years ago. With the promotion of agricultural use for sludge, there has been increased public scrutiny of the potential health and environmental consequences of these reuse practices. There is a debate over whether recycling of sludges through land application as allowed under current regulations is protective enough, and whether it provides for a long term sustainable practice [52] . In France, the two major agricultural syndicates have not considered the current regulations protective enough, even though in the 30 years since the use of sludge, no major accident has been recorded [22] . Little data on sustainability are available and the data mainly concern heavy metals. Experiments at a number of long-term sludge treated field sites in the United Kingdom, Germany, and Sweden, where metals have accumulated and persisted for decades, have shown that the microbial function in the soil is adversely affected by heavy metal concentrations that are not necessarily toxic to crops [71] . The use of sludge in agriculture has scientific and technical implications which are not met in their totality. In addition, this has given rise in some cases to the reluctance of farmers to use sludge as fertilisers, defiance of consumers and hence the ban of crops obtained on sludge fertilised farms by several multinational food producing or processing companies [9] .
The concerns of using sludge as a fertiliser is not only for crops but also for food animals grazed or fed with fodder obtained on sludge fertilised areas. Animals that graze on land to which sludge has been applied to the surface will ingest sludge along with plants and some soil: grazing cattle may ingest 1-18% of their dry-matter intake as soil and sheep may ingest as much as 30% depending upon the management and supply of grass [34, 96] ). Animals may then ingest toxins and pathogens. Sludges contain pollutants as well as a high concentration of pathogenic viruses, bacteria and parasites [35] . Most human pathogens which are found in raw sewage are concentrated in sludge. The levels and type of pathogens are dependent in part on the health of the human population contributing to the sewage plant and are affected by the type of sludge treatment. Some pathogens found in the sludges are zoonotic and should remain under control [90] ). Infections with the helminths Taenia saginata in cattle or Taenia solium in pigs are one of the primary human zoonotic diseases associated with food. These helminths rely 100% on foodborn transmission (as Trichinellosis, Anisakiosis) in contrast with protozoan diseases (Giardia lamblia: 10%, Cryptosporidium parvum genotype 2: 10%, Toxoplasma gondi: 50%). Taenia eggs are not infrequent in untreated sewage sludge [67] ).
The uncontrolled use of sludge to fertilise cattle pastures might then increase cysticercosis in cattle and consequently taeniasis in man consuming the meat of these infected cattle. In this review, we will concentrate on cysticercosis which represents the major parasitic problem linked to the use of sewage.
We will first characterise the production and uses of sludge in order to evaluate the potential risk of transmission of parasites on land fertilised by sludge. Secondly, we will give an overview of the potential parasitic risks using sludge on pastures. Thirdly, we will describe and estimate the available tools to diagnose taeniasis and cysticercosis in order to assess accurate prevalences of the diseases. Fourthly, we will present the diagnostic tools and derived prevalences of Taenia eggs in sludge. In the last paragraph, we will relate the presence of Taenia eggs to the infection of grazing ruminants. We will finally evaluate the pro and cons of utilising sludge in relation to the cysticercosis threat.
SLUDGE: PRODUCTION, PROCESSING AND USES

Production of urban sewage sludge
Most of the data presented are from Duvaud et al. [24] for Europe and Smith [92] for the USA. In the USA, the term of biosolids is used instead of sludge, and corresponds to municipal products that can safely be used on land application, and denotes municipal waste materials of the highest quality derived from waste water treatment. Production of sludge depends on the human population size, the population served by sewers and it increases as higher levels of wastewater treatment are introduced. In 1998, the production of sewage per capita ranged from 2.5 in Portugal to 37.7 kg dry matter (DM) in Denmark. We calculated that it was significantly correlated (p = 0.04) to the Gross National Product (ranging from 8 900 $ in Portugal to 28 500 $ in Denmark, 1994 data for GNP): the Spearman rank correlation coefficient was 0.47 for 19 countries (Europe, Australia, Canada and the USA). The lower figures found in countries having a lower GNP are probably due to the fact that the population does not have access to the sewage system and thus a part of the produced sludge was not taken into account. In countries such as France that have intermediary amounts of sludge production (15.2 kg DM/inhabitant), 30% of the rural population have not access to the sewage system. Production of sludge is expected to increase in most developed countries attaining the highest values recorded in Denmark or the USA.
Sludge processing
Sewage sludge originates mainly from the sedimentation of the organic matter of waste water which is settled down in specifically designed basins of sewage treatment plants. Organic matter is chiefly composed of human excreta; it is easily fermentable and must undergo stabilisation before any kind of utilisation may be considered. The stabilisation procedures can be summed up as follows: drying (air or heat), chemical treatments, aerobic stabilisation, anaerobic stabilisation, or composting.
The pathogen reduction procedures can be divided into biological and nonbiological processes. The most used sanitation treatments are the following [23] :
-Non-biological processes: lime sanitation, air and heat drying, heat treatment (pasteurisation [55] ); -Biological processes: sludge lagooning, anaerobic digestion, mesophilic and thermophilic aerobic digestion (with or without subsequent anaerobic digestion), composting.
These processes are of the utmost importance for the infectivity of sludge. Their efficacies on Taenia eggs, which is one of the most resistant pathogens found in sludge, are reported in Table I . The non-biological processing is not always as efficient as expected or has agronomical limitations (lime sanitation), has important financial costs and therefore is unavailable for small communities, and finally is not environment friendly. Biological processing necessitates large investments (anaerobic digestion for example) and is not always available for small communities. One simple factor, the decreasing infectivity of pathogens over time, has not yet been fully investigated and should be one avenue for future applied research. The efficacy of sludge processing on pathogen infectivity should be monitored on the most resistant pathogens; the sentinel chamber system (based on parasites within a chamber and exposed to sludge processing) is one of the possible systems for control (E. Fogarty, personal communication, 2001).
Use of urban sewage sludge
Currently a part of urban sludge is applied to the land for several beneficial purposes: vegetation for building up of landscapes on highways and other sites (31% of the sludge) or for skiing tracks, compost making (24% in the Netherlands, highest value in Europe), and agricultural use on crops or pastures. Land fill is still frequent (90% in Greece and 81% in Italy), and dumping in the sea remains in a few European countries (Portugal: 58% in the sea and other waters; Ireland: 36% in the sea; United-Kingdom: 25% in the sea) [24] . Incineration ranges from 0 (Belgian Wallonia, Finland, Greece, Luxembourg, Portugal or Sweden) to 40% (Switzerland) or even 80% in Quebec, and we found that the main predictor of incineration use was the GNP (Spearman rank correlation of 19 countries = 0.50, p = 0.03). The percentage of sludge applied to agricultural land varies strongly: 99% for the Sydney Area in Australia to 4% in The Netherlands. This percentage is correlated to the amount of sludge produced per inhabitant (SPI). By using a different analysis (distance weighted least square, which is similar to successive local regressions), in Figure 1 we show that SPI and GNP (Gross National Product) are related to the percentage of sludge applied Urban sewage sludge and cysticercosis 579 In the first situation, a low production of sludge was recorded and nonsustainable but inexpensive solutions were used (land fill or sea dumping). In the second situation, high production of sludge was associated with a higher concern for safety (incineration of sludge) and a sustainable (application on land) use of sludge. The total nitrogen input from sludge remains low (0 to 3%) compared with the inputs from animal origin (slurry, manure, etc.) or synthetic fertiliser. The situation was similar for phosphorus: sludge represented only 0 to 10% of the P input. A small proportion of sludge was used to fertilise pastures, although it could exceptionally reach 50% in Switzerland. This limited utilisation could be due to the reluctance of farmers or sewage plant heads, regarding the presence of pathogens in sludge.
PARASITIC RISKS OF USING SEWAGE SLUDGE ON PASTURES: AN OVERVIEW
A recent review of the literature on these risks is available [35] .The pathogens found in the 27 occurrences of sewage sludge fertilisation are mostly Salmonella sp. (15 cases) and T. saginata (7 cases). We investigated which parasites are recovered in the sewage sludge from the CAB Abstracts database ) and 160 references were found, but in fact few gave relative frequencies of infection with parasites. The data from both sources are presented in Table II. There is a large diversity in the hierarchy of proportions of the helminth genera, even in the same country (see data from France or Morocco for examples). The proportions are highly dependent on the human population on the site (an increase in Ascaris eggs was found in a community with many migrants in Norway [5] ) and the sewage organisation (separated or not from other effluents), which explains the presence of Toxascaris and Toxocara from dogs and cats of non-domestic origin, or Moniezia from sheep of slaughterhouse origin). The helminth fauna of the human population are the main constituents of sludge helminths. In Marrakech, human infection can be arranged in the order of decreasing prevalence: Ascaris >> Hymenolepis > Taenia = Trichuris. In sludge, the order is somewhat comparable: Ascaris > Trichuris = Hymenolepis > Taenia. Surprisingly, this correspondence between human infection and parasites recovered in sludge is not so similar in several European countries where Ascaris [35] and Khallaayoune, 1996 [60] ).
Country
Helminths Beni-Mellal Hymenolepis >> Ascaris > Trichuris > Toxocara Khallaayoune, 1996 [60] is very infrequent in humans but is largely recovered in sludge; Taenia is not uncommon but is not always found in sludge. It is not yet clear if these discrepancies are real, or artefactual and due to identification difficulties (Ascaris) or technical problems recovering the eggs (Taenia). The identification difficulties will be discussed in the paragraph on the identification of eggs in sludge. All parasitic risks are not described as far as ruminants are concerned: outbreaks of Sarcocystis have been recorded. Concerning animal and human health, Taenia saginata is probably one of the most * The sign >> means that the prevalence or intensity of one helminth infection is at least double that of the next one and an equal sign means that no information was available to arrange frequency or intensity. ** The generic names do not always correspond to the authors listing: we grouped Trichuris and Capillaria, and Hymenolepis diminuta and Hymenolepis nana. important problems, since it has been found in nearly all the sludges investigated under temperate or tropical climates.
TAENIASIS/CYSTICERCOSIS
Taenia saginata and T. saginata-like tapeworms
T. saginata presents much variability. In most parts of the world cystercerci of T. saginata are present in the muscles of cattle. On the contrary to common belief, true predilection sites do not really exist, except for the heart, where the highest number of cystercerci per kg of muscle is found [41] . In the extreme north of Russia, where bovines are scarce and people are used to eating raw reindeer meat, T. saginata uses the reindeer as an intermediate host. The main localisation of cysticerci is at the surface of the brain [62] . In Russia two strains have been evidenced, the northern one in Reindeer and the southern strain in cattle. The northern strain (from the Yamal Peninsula) could also infect calves with a lower success than reindeer and cysticerci have been located in the elective sites of cattle but not in the brain. The infection of reindeer remains low in nature with 2 out of 413 [62] and 0 out of 346 [63] being infected as with human infection. T. saginata has been considered as the dominant species in the Asian-Pacific region, despite the fact that in Taiwan, Korea, Indonesia and the Philippines people rarely eat beef. All infected Taiwan aborigines have the habit of eating raw meat and viscera of animals. Among these infected aborigines, 73% eat wild boars, 66% flying squirrel, 65% wild goats, 56% muntjacs, 49% wild rats, 46% monkeys, 38% hares, and no domestic animals [28] . A number of features distinguish Asian Taenia from the other human taeniids. They can infect cattle, goats, monkeys, wild boars but pigs are the dominant intermediate hosts and the cysticerci are usually found in the liver. Early molecular studies and gross morphology suggest similarity with T. saginata. Although Asian Taenia can be recognised using Restricted Fragment Length Polymorphism on the cytochrome c oxydase I gene (Msp 1 recognition site) and is a genetically distinct entity, its very high similarity with T. saginata qualifies the Asian Taenia as a subspecies or a strain of T. saginata [72] . The Asian Taenia is not the only Taenia in Asia: all isolates studied from Taiwan (15), Korea (3), Malaysia (2), China (2), the Philippines (3) and Indonesia (4) belonged to the Asian Taenia strain whereas this strain was not found in 10 Thai isolates. T. saginata (the ordinary or variant strain) and T. solium are thus present all throughout Asia and in this review we will include the Asian strain with T. saginata. Additional studies on the genetic structure of T. saginata populations are necessary in order to distinguish what is a strain and what is a phenotypic modification in unusual hosts.
Human taeniasis
Prevalence and geographic distribution
The diagnostic in humans, and hence prevalence, depends much on the technique employed: thus perianal swabbing is more effective (80 to 88.9%) in the diagnosis of Taenia saginata infection in man than either faecal examinations (40 to 44.4%) or verbal evidence (21 to 23.3%) [63] . In Europe, T. saginata is the main cestode found: there were 634 case reports on T. saginata whereas there were only 6 on T. solium (in Poland) over the last 25 years. The situation is extremely different in other parts of the world. Latin America and some parts of Africa or Asia have a high prevalence of infection [66] . Neurocysticercosis cases due to T. solium may reach 400 000 people in Latin America and be endemic in the highlands of Peru with a prevalence reaching 14% [6] . We will concentrate in this review on T. saginata, but the use of raw sewage Table III . T. saginata is a cosmopolitan parasite but the prevalences are relatively low (less than 10%) in other sites than Dagestan where 36% of the people are infected. The prevalences are highly variable within a country (see Turkey from 1.8% to 10% or France from less than 0.01 to 0.3%) and between countries. This variability in prevalence is due to hygienic habits (human defecations available or not to cattle), quality of meat inspection (decreasing the availability of contaminated meat to man) and culinary habits (the use of raw or poorly cooked preparations will permit the survival of infective cysticerca in meat). The local distribution of disease is very likely patchy in relation to these local environments and cultural behaviours. In sites where T. solium is also present (some parts of Africa for example), the prevalence of T. saginata can be slightly inflated due to misdiagnosing. The prevalences in man are not well established, due to selective sampling (a limited area, a category of workers, human populations from hospitals) and are only indicative.
Diagnostics and treatment
Differential diagnostics of T. saginata and T. solium on eggs is not really easy. Each egg consists of an outer shell, chorionic membrane, and a thick and striated embryophore. The morphology of T. saginata and T. solium embryophores does not allow identification but Ziehl-Nelsen staining is positive in T. saginata and negative in T. solium [75] , although this has not been confirmed by other authors [81] . Currently, however, Polymerase Chain Reaction tests, have been developed, which allow differential diagnosis of both taeniids, on the basis of the eggs [47] . The characteristics of both worms are as follows:
T. saginata: proglottides are 15-20 mm/ 6-7 mm and are located on the surface of faeces and can be eliminated between defecations. The longitudinal uterus has 20 to 30 lateral dichotomous branches. Eggs are found at the anus margin and perianal swabbings are effective.
T. solium: proglottides are within the faeces. The uterus has 7 to 13 lateral branches. Eggs are found in the faeces.
Niclosamide and praziquantel are used to treat taeniosis [84] . They are lytic for the parasite in the intestine but do not alter the viability of eggs which are eliminated in the faeces and are later found in sewage sludge. When T. solium infection is suspected, saline purgation is advocated.
Animal cysticercosis
The intermediary hosts of T. saginata
Cestode larvae are less specific than adult cestodes, and therefore the list of intermediary hosts is considerable. The main intermediary hosts are domestic cattle. We evaluated the possible role of other intermediary hosts of T. saginata on the CAB Abstracts database . Our index was built on 1752 references on T. saginata as follows: reference in one host species infected/total number of references that is 1752/total number of references on the intermediary host species. The data are shown in Table IV . With our index, reindeer becomes a very important host, followed by cattle: this means that the index gives an indication of the preoccupation that investigators have for the host species as an intermediary host among other interests regarding the species. It does not include the Asian Taenia since the references did not always indicate whether this Taenia was T. saginata. Domestic cattle (Bos taurus: see Tabs. IV and V, Bos indicus [17] , or buffaloes [18] ) remains the dominant intermediate host. The role of sheep and goats as hosts for T. saginata remains obscure. Goats were found to be naturally infected in Assam: 2.7% compared with 5.7% in cattle [82] . The experimental infection of sheep and goats was unsuccessful for Blazek and Schramlova [7] whereas Kozakiewicz [64] infected sheep and goats, with the structure and location of the cysticerci being different in unusual hosts [85] . Sheep and goats, even if they do not serve as very effective intermediary hosts, may suffer from infection and this should be considered if sewage sludge is used on sheep and goat pastures. The report of the lama being an intermediary host is to be taken cautiously since the cysticerci could have been confounded with Sarcocystis cysts (Schmidt E., personal Urban sewage sludge and cysticercosis 585 [8] showed that the cysticerci found were not those of T. saginata. Unhooked cysticerci are found in Africa in antelopes: wildebeest, bush-buck [75] , and in several species of gazelles. They cannot be attributed with certainty to T. saginata. Meriones unguiculatus (by injection: [101] ) and sheep (oral route: [44] ) did not prove very effective; however the influence of sewage sludge fertilisation on pastures grazed by rodents and small ruminants remains unclear and requires further investigation.
Prevalence and diagnosis in cattle
According to the official meat inspection figures, bovine cysticercosis is present at a low level in the countries of the European Union (Tab. V). Its prevalence varies between 0.007 and 6.8%. Much higher prevalence figures (> 20%) for bovine cysticercosis are found in several countries of East and Central Africa (Geerts, 1993 [42] ). Detailed inspection of predilection sites (head and/or heart) have however, shown 5 to 50 times higher prevalence rates than what is found upon routine meat inspection [20, 41, 43] . Furthermore, Walther and Koske [98] and McCool [70] showed that in 49-51% of the lightly infected animals, cysticerci are not present in the so called predilection sites (heart, masseter, oesophagus, diaphragm and tongue). This implies that the current 'knife and eye' method is able to detect only the tip of the iceberg and that the majority of cysticercosis cases escapes at the slaughterhouse.
Therefore, several research groups have tried to develop serological tests in order to improve the detection of cattle infected with cysticercosis. Many different antibody detection tests have been described using homologous or heterologous (Taenia crassiceps or Taenia hydatigena metacestode) antigens [44, 86] . However, most of these tests are not reliable because they do not differentiate between animals harbouring live metacestodes and animals in which only degenerate metacestodes are present, which are no longer infective. The development of a monoclonal antibody based antigen detection ELISA has allowed to identify those cattle harbouring living cysts [13, 50] . This technique has been further improved by using monoclonal antibodies of the IgG isotype and by pretreatment of the serum by heat or trichloro-acetic acid in order to dissociate immune complexes. The specificity and sensitivity of the antigen detection ELISA are 98.7 and 92.3% (if the animals harbour more than 50 live cysticerci), respectively [59] . With this improved ELISA, 3.1% of the Belgian slaughtercattle were found to be positive whereas using the classical meat inspection cysticerci, only 0.26% were detected [21] .
Sanitation and economic losses
In Europe, carcasses infected with cysticerci are usually frozen for 10 days at -10 o C. Only the heavily infected carcasses are completely condemned. It has also been shown that low level gamma irradiation (0.3-0.6 kGy) is able to kill T. saginata cysticerci [46] . The economic loss due to bovine cysticercosis is caused by the cost of: 1. transport to an official freezing installation; 2. the freezing of the carcass; 3. a certain weight loss due to freezing (2-5%) and 4. a loss of the value of deepfrozen meat (as compared to fresh meat). These losses amount to 30 to 45% of the value of the carcasses, a figure which is also used by some insurance companies [41] .
Temporal and geographic distribution
Data on the geographic distribution of T. saginata cysticercosis mostly originates from cattle meat inspection reports. They are grossly defective, since efforts on diagnostics are not identical from one site to another, and data are recorded over a large period of time. Our data are taken from the review of Pawlowsky and Schultz [77] (1945, 1955 and 1964) . Prevalences may increase due to the importation of infected meat (Norway), or there may be a local increase of infection risk (Use of sewage sludge in German and Russian cases? Poor hygiene of farm workers in Russian cases?).
Relationship between cattle and human infections
We excluded the so-called Asian Taenia as well as the transmission by means of the reindeer since several human populations concerned are used to consuming raw meat and thus transmission is evidently more efficient. No general relationship has really been established so far since most studies do not include cysticercosis in cattle and human T. saginata infection surveys for each studied site. We selected 21 pairs of data corresponding to the simultaneous investigation of T. saginata larvae in cattle and adult worms in man in one region. They corresponded to data from Bulgaria, Caucasia, France, Greece, Italy, India, Nigeria, Poland, Slovakia, and the USA, collected from references from 1970 to the present. The Spearman coefficient of correlation was 0.81 (p < 0.05). The good relationship between the two host infections indicates that careful attention must be paid to cattle infection and hence to cysticercosis storms that might be related to sewage sludge misuses.
TAENIIDS IN URBAN SLUDGE
Diagnostics
Identification
The helminth eggs in human and animal faeces have been largely described in textbooks. The qualitative characteristics of Trichurid eggs (Trichuris sp. or Capillaria sp.), Hymenolepids, Taeniids, and human or animal Ascarids, make these four categories easily discernable for a practiced helminthologist. They are not as obvious for a routine diagnostic laboratory irregularly handling sludge, as we found in a multicentric assay in France (our own unpublished data). Eighteen laboratories were involved and only 12 could deliver accurate results. This was due in part to a limited experience, but could also be related to the modification of eggs in sludge. The qualitative characteristics were not modified but size modification could have explained the misidentifications. For this reason, the helminth eggs were examined in digested sludge from 6 sites (the Normandy and Paris area in France) and they were either lime hygienised or not (own unpublished data). The treatment with lime or the origin of sludge did not significantly modify the size of the eggs. A few Ascaris eggs were found and the ranges of the length and width of the eggs were respectively 56-67 and 46-53 µm. The following key was established for the most frequently recovered eggs in sludge, based on 95% confidence intervals of the mean after resampling of the data ( The sizes of the eggs in sludge were not different from those recovered in the faeces; this was a significant help for the diagnostics. The individual size of the eggs of Taeniids ranged from 35 to 40 µm.
Estimation of egg numbers in sludge
A large number of methods has been proposed for detecting helminth eggs in waste water [37] or sludge (US EPA technique 1992, triple flotation technique [4] derived from [29] ). The techniques are based either on sedimentation or flotation using a wide variety of flotation solutions (MgSO 4 , ZnSO 4 , and NaNO 3 at several concentrations: see [37] and most of them are satisfying for detecting nematode eggs.
Several of these techniques were tested on sludge with Taeniid eggs [67] . The US EPA (density 1.2 of the zinc sulphate flotation solution), modified EPA recommended in France (d = 1.30), and the EPA using a d = 1.38 flotation solution were poorly effective in recovering of Taeniid eggs, respectively in 0, 1, and 2 sludge samples out of 10. The triple flotation technique yielded positive results in 6 of these samples. Most of the techniques have a low recovery efficiency and the most efficient triple flotation technique ranged from 19 to 48% for Taeniid eggs. Improvements are needed if one wants to exactly assess the risk due to sludge application on pastures, but triple flotation already warrants a sufficient sensitivity for epidemiological surveys.
Viability of eggs
The presence of a pathogen in sludge does not warrant its viability and infectivity. The identifications based on morphology or the polymerase chain reaction (PCR) do not give information on the ability to develop into further stages. Viability is an important criterion and nematodes were chosen as indicators for parasitic helminths in France because they were the only helminths that could be easily cultivated in laboratory conditions. The class A pathogen requirements in the USA also base viability on the examination of nematode eggs using Ascaris lumbricoides var. suum eggs as the control: the results are available after 3 to 4 weeks of cultivation. More rapid procedures have been proposed (30 o C in deionised water) and with larval observation after 8, 10, 13 and 16 days for nematodes, Capillaria sp., Toxocara canis, Ascaris suum, and Trichuris vulpis, respectively [38] . In vitro hatching of T. saginata eggs is a rapid procedure (one to a few hours) that has been used widely, but is not always satisfactory although it has been improved [93] using digestive enzymes. Later, it was compared to Taenia solium with a technique using sodium hypochlorite, the hatching rate being increased with the latter [99] . The reduction of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny ltetrazolium bromide) by mitochondrial enzymes to its blue formazan product is a widely used colorimetric assay method to determine the viability of cells in culture or of pollen and has been used for parasites. Kanazawa et al. [58] and Emery et al. [26] on the cestode Echinococcus multilocularis reported that living elements are coloured in blue and Kanazawa et al. [58] showed that they are also infective. This staining procedure then appears as a simple way to categorise living versus dead parasitic elements. Some caution must remain especially when using a complex media such as sludge: it was shown that plant catechols and flavoinoids reduce MTT through iron ions [48] . A modified technique based on MTT staining has been tested on T. saginata eggs in sludge [68, 69] . This technique was derived from a technique used in MDH (malate dehydrogenase) isoenzyme studies [36] : the chemicals needed to ensure the reaction (not only MTT) are all provided except the enzyme. When the T. saginata eggs do not have MDH activity (then they are considered dead), they do remain brown-yellow; otherwise they are stained in blue. The MTT technique gives useful information on the viability in anaerobic digested or lime hygienised sludge [68] but it should be tested in a large array of sludge types; the relationship between viability and infectivity should also be evaluated. Infectivity is fairly low [73, 76] and viability should then also be low, which was the case in our unpublished data using the MTT technique (from 0 to 50%).
Prevalence and intensity
Taenia is frequently recorded in sewage sludge (see Tab. III). No prevalence in any area can be established since controls on the presence of Taenia are highly dependent on techniques and no data collection and analysis has ever been performed. Using the same technique (triple flotation with zinc sulphate at 1.38 density) in 2001 in several sewage plants, we found (unpublished data) that Taenia was recovered irregularly in the French Touraine sludges that were not sanitised. Tours (a large town with over 200 000 inhabitants), Chateau-Renault (a smaller town with more than 8 000 inhabitants) were tested positive, whereas smaller towns such as Monnaie (over 2 000 inhabitants), Nouzilly (over 1 000 inhabitants), or the INRA research station sewage plant (less than 700 persons) were uninfected on at least two samplings in the Spring. The fact hat the few small plants investigated did not harbour Taenia eggs might be due to the fact that prevalence in humans is fairly low on the average so that they may often be recorded as uninfected whereas larger towns have a higher chance to harbour infected humans and hence eggs in their sludge. When infected, intensity is a major concern when sludge is intended as fertilisers, since heavily contaminated materials will ensure better transmission. It was found that 2.5 eggs were recovered per gramme of sludge (25% dry-matter) and the authors calculated that this might correspond to a 1% human infection [3] which is in the range of medium to high infection in western Europe (see Tabs. II and V).
URBAN SLUDGE AND INFECTION OF HERBIVORES WITH CYSTICERCOSIS
Sewage is an important means of spreading T. saginata infection between the human population and cattle as was observed long ago [77] . The use of sludge as a fertiliser is only one of the many possibilities.
Fertilisation of pastures using sludge
We investigated the importance of fertilisation with sludge and which helminths were associated with sludge in the CAB Abstracts Database (1973 ( -August 2001 . Fertilisation studies generated 89980 papers, sewage sludge 7320, and sewage sludge and fertilisation 1260 papers during that period. This indicates that sewage sludge plays a very small role in fertilisation. It plays an even more limited role in the fertilisation of pastures (only 23 references). The publication effort is not always a good reflect of disease importance and the above figures should be taken as indicative. These general considerations on the limited importance of sewage sludge as a fertiliser are locally found in many medium size towns like Tours in France. This town produced 13700 tons of sludge in 1997 and needed 685 ha/year for sludge spreading. Sludge is used as a fertiliser in the winter and autumn, and mainly concerns maize (over 40% of fertilisation); it is not used on pastures. The relative importance of sludge in the transmission of helminths can also be assessed by the proportion of references dedicated to one group of helminths in sludge in relation 590 J. Cabaret et al. to the total number of references reported for the same group of helminths. This proportion was 1.1 per thousand for nematodes and 2.0 per thousand in cestodes. It was 5.6, 0.3, 9.1, 3.2 per thousand, respectively for Taenia, Hymenolepis, Ascaris and Trichuris. Only T. saginata was investigated among Taeniids and no information was available on T. solium. Few data are available on the parasitological contamination of urban sludge and the parasitological risk was officially first taken into account in Switzerland in the Obsubst ordonnance [94] and secondly in the USA [97] . The use of sludge as a fertiliser was legally described later in France for example [33] : it can be spread on pastures three to six weeks before forage is cut or the pasture is grazed by animals, depending on the presence or absence of sanitisation of the sludge. The problem of the regulations is that helminth eggs are all grouped together as helminths or nematodes and cestodes: in Switzerland no helminth eggs should be recovered, in the USA the class A sludge should have a concentration lower than one egg per four grams of dry-matter, and the French regulations indicate that the number of viable helminth eggs should be lower than 3 per 10 grams of dry-matter. Parasitological contamination is the rule and has been extensively studied in 89 French urban sludges [39] . Forty-seven percent of sludge had helminth concentrations lower than 6 eggs/10 grams dry-matter, 38% had concentrations ranging from 6 to 24 eggs/10g, whereas the rest had concentrations over 24 eggs/10 g. The number of helminth eggs in sludge is a general indicator of contamination but does not allow risk assessment for a particular host. The risk may concern humans who manipulate the sludge, crops (many species of nematodes are plant parasites), or animals (cattle susceptible to T. saginata or other herbivores). The risk for the mans has mainly been evaluated for waste waters used for irrigation [12, 19, 30, 89] and concerns general pathology rather than one particular pathogen. Sinnecker [89] in Germany noticed a higher infection in agricultural workers for Ascaris and Trichuris trichiura and Bouhoum et al. [12] in Morocco recorded a higher infection of children in the irrigated areas for the same parasites and did not find any difference in T. saginata, Hymenolepis, and Enterobius.
The risk assessment in man should then be related to Ascaris or T. trichiura. The risk for crops should focus on fungi and nematodes specific to plants. The helminth risk for grazing animals are T. solium (grazing pigs) or T. saginata (cattle) infections. The presence of T. saginata in sludge in Europe and North America appears as one of the major concerns of using sludge as a fertiliser on cattle pastures and a specific risk for evaluation is really needed [14] . This concern is particularly true in areas having high records of cysticercosis (for example 22%, in the German Potsdam district); a direct correlation was noted between cattle infections and the areas fertilised by sewage [27] .
Critical review of cattle cysticercosis in relation to sludge fertilisation
The intensive use of sludge: the American examples
Although the infection rates of cattle have been relatively low (less than 0.08% in 1967) in the USA, local outbreaks of cysticercosis have been recorded. These outbreaks are attributed tentatively to: leakage of raw sewage from sewage plants, contamination of feed or water by farm employees or application of sludge on pastures. Upon the post-mortem examination of 230 animals, Fertig and Dorn [31] found 37 infected from a single farm in Ohio. The farm had received applications of municipal sewage sludge (2% dry matter) for the last twenty years. Sewage sludge stabilised by aerobic digestion was applicated on the pastures. Sludges (0.31 to 2.04 ton/ha) were used on one to three occasions during the grazing season. A municipal sewage treatment plant was adjacent to one corner of the farm, downstream from a 5 to 10 m wide creek that ran through the pastures; following the creek there was a sewer line in the pastures that terminated at the sewage plant and several manholes, covered with loose fitting tops. Cattle had access to these manholes. Control of the employees did not show Taenia infection. The infection of cattle was attributed to leakage of the raw sewage after a flood corresponding to heavy rainfall. The role of sludge application was discarded since the cysts could not have reached calcification by the time of the exposition of the cattle to the sludge fertilised pasture. Another outbreak was recorded two years later on the same farm and was associated with sludge applications which were repeated as frequently as six to seven times on the pasture all along the grazing season. Sludge was implicated in one outbreak in Virginia [49] whereas three other outbreaks were attributed to human faecal contamination of feed or water in Kansas and California [16, 91] . The Virginian outbreak was intense: 18 out of 40 steers were infected. For four years, grazing areas were fertilised with oxygen-activated sludge in a municipal plant which did not use any heating phases. Application of the sludge on pastures were done on a two month rotating basis from April to November each year. Cattle were returned to these pastures within two or three weeks of sludge application. The repeated applications of untreated sludge and a short period before the return of the cattle on fertilised pastures are apparently the reason for such outbreaks in cattle grazed on the pastures.
The limited use of sludge: the European examples
The influence of the application of sewage sludge was extensively studied in Scotland before 1990. Five outbreaks were observed in 1976-1979 and were traced to the application of sewage sludge to grazing land [32] . Guidelines, issued since 1979 on the field application of sewage to ensure the control of pathogens, specify that livestock should not graze on pastures treated with undigested liquid sludge for six months, or digested liquid sludge for 3 weeks, or until 10 cm growth of herbage has occurred [52] . Digested sludge is defined as sludge produced either by a two-year storage of raw sludge or by aerobic digestion at 30 o C for 30 days. To really ensure that no viable Taenia eggs are present, a sixth month no grazing period is required. Under these conditions sludge application on pastures can no longer explain infection of cattle. In Scottish cattle, 1966 sera were observed: sera from cattle which had grazed on pastures to which sewage had been applied, were indistinguishable from uninfected animals [88] . During meat inspection, 264 cases of Cysticercus bovis were identified in cattle and then traced back to 218 farms of origin and the possible association with the application of sewage sludge was investigated. Only 16 cases came from farms using sewage sludge [80] and the use of sewage sludge was not directly implicated in the cattle cysticercosis. In another study [51] , 4 farms using sludge application on pastures were compared to 5 farms not using sludge: the cattle Elisa test based diagnostic indicated that 1 and 0 farms were positive, respectively. This latter investigation indicates that even if sludge may play a role in cysticercosis infection, it remains limited as already described by Pike [78] .
Another outbreak series occurred in Germany, in the region of Aachen [83] . In 1986, the average rate of complaints of cattle cysticercosis at the Aachen abattoir was 6.4% every month and even reached 15.2% which was very unusual (see prevalences in Tab. V). The infected cattle came from the urban and rural districts of Aachen. One hundred and twelve farms from the area were studied, only 38% of which were connected to the sewerage, 26% led their waste water into a one-tank or a three-tank system and the rest distributed it in their dung-water or liquid manure tanks. Only a few farmers used sewage sludge as fertiliser. The exact cause of cysticercosis was difficult to assess in the infected farms since quite often, more than one risk factor could be demonstrated. The infection of workers on the farm was probably one of the most important causes as well as the use of contaminated water (irrigation of pastures or drinking water) due to the fact that some villages delivered their sludges, without treatment, into the water system.
A few records of cysticercosis outbreaks in the 1970's are given by Haugaard [53] , the sources probably being the application of untreated sludge in one case. Later, an increasing number of cysticercosis outbreaks in cattle were reported in Denmark [74] . In 15 outbreaks, the infection sources likely responsible are sewage sludge deposited on pastures, flooded streams containing sewage effluents, and human excreta spread with animal slurry. The restrictive rules for the agricultural use of sewage sludge have been implemented in Denmark since 1984 and are not favourable to the transmission of cysticercosis: when raw sludge is directly deposited into the soil, such areas should not be used as pastures, for a period of one year. Ilsoe et al. [56] studied the possible sources of infection in farms presenting heavy cattle infection. Sewage sludge was not used as fertiliser on any of the farms. In six farms, septic tank sludge was applicated on grass or feed, two had grazing sites near the sewage plants, and human defecation on the pasture was a problem on three farms. Poor hygiene or poor control of sewage plant overflooding were apparently the main sources of contamination as found with the German outbreaks. A case-control study in light-infected cattle versus uninfected cattle was then undertaken in Denmark [57, 65] and confirms in part this statement. The major risk factor identified is allowing the cattle to drink from streams carrying effluents from sewage treatment plants (odds ratio: 3.6) and the other factors recorded in preceding reports (such as the application of sludge) appeared to be of minor importance. This does not mean that we should be overconfident on regulations concerning sludge application: the eggs of T. saginata can survive long periods on pastures. Ilsoe et al. [56] showed that a small proportion of eggs survived for 5.5 but not 8.5 months when deposited in May and for 5.5 months but not for 8.5 months when deposited in September.
CONCLUSIONS
The use of sludge for fertilising pastures is ecologically sustainable compared to other processes (incineration among others). It has some disadvantages, one of them being the putative introduction of pathogens. The seeding of T. saginata eggs from municipal sludge onto pastures is of limited risk if the sludge is properly digested, eventually sanitised, and if sludge application is conform to the rules imposed in most developed countries. Sanitation of sludge and proper use is the warrant of a negligible risk for cattle and human health.
